ABSTRACT
B
ecause allergen immunotherapy introduces an allergen into an allergic individual, hypersensitivity reactions are probably unavoidable. There are, however, measures to minimize the risk and effective therapy to treat any such reactions. This is a review of procedures that have been suggested to minimize these risks and protocols designed to treat such reactions if they do occur.
It draws heavily on consensus statements and evidence-based guidelines. The three references used extensively are the most recent allergen immunotherapy parameter, 1 the most recent update of the anaphylaxis parameter, 2 and a consensus publication on systemic reactions to immunotherapy sponsored by the World Allergy Organization. 3 The most recent immunotherapy practice parameter 1 states, "Although there is a low risk of severe systemic reactions with appropriately administered allergen immunotherapy, life-threatening and fatal reactions do occur."
Because such reactions are life-threatening, although they are extremely rare, it is imperative that actions be taken to minimize them and protocols designed to treat them rapidly and efficiently are in place.
INCIDENCE
Allergic disease exerts a significant toll on the health care system 4 and allergen immunotherapy is an effective and cost-effective therapy in the treatment of allergic respiratory tract disease. 5 With this therapy, however, as noted, anaphylactic reactions are probably inevitable. Unfortunately, the exact incidence of these events is unknown. In addition, although we have some data, the exact incidence of near fatal or fatal reactions is also imprecisely established. The reasons for this are numerous. For example, reaction rates differ with the dose and technique used, the allergen used, and the definition applied to define a reaction. For example, severe systemic reactions occur at markedly different rates depending on the frequency of administration of allergy injections. With conventional immunotherapy, the rates of severe systemic reactions are probably Ͻ1%, whereas with rush immunotherapy reported reaction rates have been in some instances Ͼ30%. [6] [7] [8] [9] In addition, as with any adverse reaction to a therapeutic agent, reporting rates are probably not completely trustworthy. Also, response rates to surveys designed to assess incidence are usually, low, Ͻ30%. 10 Another difficulty innate to the determination of the incidence of such reactions is that data gathering techniques are limited for the most part to retrospective analyses or surveys taken of allergists practicing immunotherapy. In addition, there are reviews of such studies. For example, in the previously mentioned World Allergy Organization document, 3 it was concluded that by analyzing reaction rates reported from studies between 1995 and 2010, the percentage of systemic reactions per injection with conventional immunotherapy protocols was ϳ0.2%.
One example of survey collected data was published by Amin et al. 10 in 2006. This survey was sent to members of the American Academy of Allergy, Asthma, and Immunology seeking information about reactions encountered in their practice. The desire was to evaluate the incidence of fatal and near fatal reactions. There were 646 respondents. Two hundred seventy-three reported near fatal reactions between 1990 and 2001. This gave an incidence of 23 per year, or 5.4 events per million injections. The authors performed the study because they noted that in previous evaluations, there were very few if any descriptions of serious or near fatal systemic reactions. In these previous studies, they noted that it was reported that 5-7% of patients receiving immunotherapy experienced reactions, but there was no mention of the number that were fatal or near fatal or a detailed description of these events. [11] [12] [13] Before this survey of fatal and near fatal episodes there were other studies in North America that were performed to characterize and estimate the incidence of reactions to immunotherapy. Lockey et al. 14 
ASTHMA
The presence of asthma may not increase the risk of a reaction, but asthma is a risk factor for a severe reaction, and if the asthma is unstable, it enhances this risk. 17 In addition, it increases the risk of fatal reactions. 10 
CONCOMITANT MEDICATION
Although ␤-adrenergic blocking agents do not seem to affect the frequency of the occurrence of systemic reactions to immunotherapy, they are a risk factor for a more serious event and can complicate therapy. 1, 17 The issue of patients treated with immunotherapy and simultaneously receiving a ␤-adrenergic blocker is one that is commonly encountered and one that has generated intense interest as well as some controversy. 18, 19 This controversy has been generated in part because of the difficulties that are presented to the clinician when substitutions for ␤-blockers need to be made before the initiation of immunotherapy and because in some instances immunotherapy can be carefully performed even in patients who are receiving venom while on ␤-adrenergic blockers. 20 In addition, it has been shown that ␤-adrenergic blockers may not increase the risk of anaphylactic events to radiocontrast material. 21 However, there clearly are data that support the fact that ␤-adrenergic blockers may increase the risk of anaphylaxis after the administration of a known allergen, complicate its therapy, and worsen the severity of an event. 14, Taken together, overall, it appears quite clear that ␤-adrenergic blocking agents can have an adverse effect on the outcome of an anaphylactic episode and perhaps can increase the predisposition toward these episodes. They may do so in several ways. When a patient is taking a ␤-adrenergic blocker, there is a diminished response to the ␤-adrenergic effects of epinephrine. This may make a patient less responsive to the endogenous compensatory response produced by the patient's own production of epinephrine as well as exogenously administered epinephrine given for therapy. In addition, it should be clarified that in a case of anaphylaxis, the relative contraindication extends not only to unselective ␤-adrenergic agents but also to relatively selective ␤-adrenergic blockers. This is because, in contrast to asthma, one is concerned not only with the ␤-adrenergic effect on smooth muscle in the lungs but also with the ␤-adrenergic effect on the cardiovascular system. 3 Thus, it is desirable, in patients receiving immunotherapy, to, when possible, discontinue the use of ␤-adrenergic agents. Angiotensinconverting enzyme inhibitors clearly increase the risk of an anaphylactic event during immunotherapy to venoms, but no such risk has been noted, to date, regarding systemic reactions to inhalants.
PRECEDING LARGE LOCAL REACTIONS
Data regarding the occurrence of large local reactions are difficult to interpret in that results have been somewhat conflicting. Originally, studies failed to find that preceding large local reactions were a risk factor for a systemic event. 46, 48 At least, in these studies, there was no difference in the incidence of systemic reactions in a group of patients where dose adjustments were made based on the occurrence of large local reactions versus a group in which the large local reactions were not used to alter the immunotherapy dose. It was concluded that large local reactions were not accurate predictors of a subsequent systemic event. However, another investigation performed as a retrospective review designed to compare the frequency of preceding large local reactions in patients who had a systemic reaction versus a matched "control group" of subjects not experiencing a systemic reaction found that there was a significant increase in the frequency of large local reactions in patients who had experienced a systemic reaction. 49 These data are difficult to interpret as far as their clinical significance; however, overall, it appears as if large local reactions are not adequate predictors of a future systemic event in that dosage adjustments based on local reactions fail to alter the frequency of systemic events. Nonetheless, individuals who have experienced a systemic event have a higher incidence of large local reactions than those who have never had a systemic reaction.
ADMINISTRATION OF INJECTIONS DURING THE POLLEN SEASON
As with large local reactions, data are conflicting on whether or not immunotherapy injections given during the pollen season is a risk factor compared with injections administered outside the pollen season. Some studies have shown that there is no difference in the incidence of reactions when injections are given "in season" versus when they are given "out of season." 50, 51 However, in the previously mentioned study by Amin and colleagues, 10 the administration of injections during the pollen season was reported by 46% of respondents. In addition, it was hypothesized 
DOSING ERRORS
Dosing errors account for a significant number of anaphylactic reactions to immunotherapy. In the Amin et al. 10 study they were the second most common factor reported to be associated with events, accounting for 26% of episodes.
FIRST INJECTION FROM A NEW VIAL
In two studies, 15, 16 the first injection from a new vial of extract was a risk factor for a systemic event. Because of this it has been suggested that the dose be lowered when a new vial is started. 1 There is no accepted consensus as to the amount the dose should be lowered.
A HIGH LEVEL OF SENSITIVITY TO THE ALLERGEN ADMINISTERED
A high level of sensitivity to the allergen being administered has been found to be a risk factor for systemic events. 1
A HISTORY OF A PREVIOUS SYSTEMIC REACTION TO ALLERGEN INJECTIONS
It is interesting to note that some patients experiencing a severe reaction on occasion report previous milder events occurring earlier in the course of immunotherapy. 10 
TIMING OF SYSTEMIC REACTIONS RELATED TO THE ADMINISTRATION OF THE INJECTION
It is clear that most systemic reactions occur within 30 minutes after an injection. In addition, almost all severe systemic reactions start within this period of time. 1, 3 However, fatal reactions can begin later than 30 minutes postinjection, and systemic reactions can occur in rare instances more than 2 hours after the shot is given. 1, 17 Of note, while speaking of timing, it is also necessary to recognize that, although rare, biphasic reactions to immunotherapy can occur. Thus, patients can be treated successfully, discharged from the office, and then experience a recurrence of symptoms. 52, 53 Based on an overall assessment of this information, a 30-minute waiting period for all patients receiving allergen immunotherapy has been suggested. 1 Because anaphylactic episodes to immunotherapy can occur after patients have left the physician's office after a 30-minute wait, 17 consideration has been given to supplying patients receiving allergen immunotherapy a prescription for an automatic epinephrine injector, and that the patient be required to have this injector with them on days when they receive their injections. To the author's knowledge, however, there is no consensus recommendation regarding this issue. Therefore, at least at this time, it appears that whether or not to issue epinephrine injectors to patients who are treated with immunotherapy remains at the discretion of the physician caring for the patient. 
D O N O T C O P Y

CLINICAL MANIFESTATIONS
The clinical manifestations of anaphylaxis during immunotherapy are similar to those occurring in anaphylactic reactions to any injected allergen. However, there are salient features of fatal and near fatal events that are of note 10 (Table 2) .
For example, although cutaneous features are the most common clinical manifestations in anaphylactic reactions taken as a whole, 54 in near fatal and fatal immunotherapy reactions they do not predominate. 10 Respiratory failure and hypotension or shock are the most frequently recorded events. Over 90% of patients with fatal reactions experience respiratory failure, and hypotension occurs in 88% of near fatal events and 81% of fatal reactions.
Cutaneous signs appeared in 70% of near fatal reactions and in only 29% of those that were fatal. This may be because of the fact that the hypotensive state of these patients prevents blood flow from reaching the skin. 54 A striking finding was that when patients exhibited a history of poorly controlled or labile asthma, there was a prominently increased risk of fatal events, and most of these who did have reactions experienced fatal rather than near fatal episodes. 10 
PREVENTION
In light of these findings, there have been several suggestions to reduce the incidence and severity of systemic reactions due to immunotherapy 1, 3, 10 (Table 3) . Because asthma is clearly one of the most important risk factors, it has been suggested that patients not receive allergy injections when their asthma is unstable or when their peak expiratory flow is "considered low for that patient" or "is substantially reduced compared with the patient's baseline value." 1 It has also been suggested that the absolute value of the forced expiratory volume at 1 second be used as a measure to exclude patients from receiving immunotherapy. In this regard, it has been proposed that an Make sure patient has telephone number of physician on call, and take patient's telephone number to consider calling later to assess her/his condition and answer any questions forced expiratory volume at 1 second below 70% of their predicted value should eliminate an asthmatic patient for consideration of the institution of aeroallergen immunotherapy. 17 Patients who have experienced systemic reactions should have dosage adjustments made. The amount the dose should be adjusted is dependent on the physician's judgment in regard to that particular patient. Obviously, this decision can be based on the severity of the event in question. In some instances, it may be decided that immunotherapy should be discontinued.
The degree of allergen sensitivity has been considered a risk factor for anaphylactic events occurring during immunotherapy. 3 Thus, consideration of dose adjustments can be made in patients who show a high degree of sensitivity as manifested by skin test reactivity.
Any risk factor would lead the physician administering immunotherapy to consider a wait of Ͼ30 minutes. This includes a previous reaction, a high degree of skin test sensitivity, a patient with asthma, etc.
It is important that the patient recognize the early manifestations of an anaphylactic episode and be told to report any manifestation immediately. Episodes can begin insidiously, and patients may ignore the early clinical expressions of a harbinger of a more severe reaction. Thus, any patient receiving immunotherapy should be acquainted with all of the manifestations of anaphylaxis and be told to report any of these manifestations, as noted, promptly.
As mentioned earlier, dosing areas are one of the most common causes of anaphylaxis to immunotherapy injections. Therefore, measures should be in place to minimize the chance of error. Efforts should be made to enhance the distinction between different dilutions of extract. Color coding systems can be used to accomplish this. The person administering the injection should clearly identify the patient by name and assure that the vial from which the injection is drawn is for that patient. Careful record keeping as to dates and doses for each injection should be used. The patient's medication regimen should be frequently monitored to see if there have been changes in medication (e.g., the addition of a ␤-blocker), which might signify an increased risk for a reaction. In addition, as noted previously, consideration should be given to lowering the dose when a freshly prepared extract is administered, and a schedule for reduction of dosing should be available to delineate dose reductions due to an inordinate lapse of time between injections.
SUGGESTED EQUIPMENT IN THE OFFICE FOR TREATMENT OF A SYSTEMIC REACTION
There have been a number of articles written that have mentioned what equipment should be available for the treatment of an in-office anaphylactic reaction. 54 Two recent documents 1,2 list such equipment, and their suggestions are compared in Table 4 .
In addition to the equipment noted in Table 4 , any facility in which allergy injections are administered should have certain procedures in place to facilitate a rapid response to an event (Table 5) . 3 
MANAGEMENT OF ANAPHYLAXIS
The management of an anaphylactic event occurring to immunotherapy is identical to the management of an episode due to exposure to any other injected allergen. Epinephrine is the drug of choice and should be given at the first sign of an anaphylactic episode. [1] [2] [3] A delay in the administration of epinephrine has been found to be a risk factor for poor outcomes and, in some studies, for a biphasic reaction. 55 Epinephrine can be administered every 5-10 minutes as necessary, and this can be liberalized based on clinical judgment. Intravenous administration can be considered if needed because of a poor response to intramuscular or subcutaneous injection, but it is preferably administered where cardiovascular monitoring is available.
Immediate assessment of vital signs and the airway should be performed, and the patient should be placed in a supine position with legs elevated. Oxygen should be started simultaneously with the initial evaluation. Patients should stay in this recumbent position until the cardiovascular system is stable. Fatalities have been associated with prematurely assuming the upright position. 56 If there is a good and rapid response to these early measures consisting of oxygen, epinephrine, and positioning, the patient can be observed (the length of time must be individualized) and then discharged from the facility. It is suggested that they be supplied with a prescription for an automatic epinephrine injector at that time because symptoms can recur. They should be given the phone number where the physician on call can be reached should symptoms reappear.
One could also consider, at the time of administration of epinephrine, calling for emergency services, but that is usually done if there is no quick and adequate response to the initial therapy. Of course, this decision is dependent on the severity of the symptoms at the time of the initial evaluation.
In addition, should the blood pressure remain low, i.v. fluids should be administered, for wheezing an inhaled bronchodilator given, and consideration should be given to the i.v. administration of an H 1 /H 2 -antihistamine and corticosteroids.
An algorithm outlining the treatment of an office event is shown in Fig. 1 .
In conclusion, anaphylactic episodes due to allergen immunotherapy probably are unavoidable, but there are strategies available to minimize the frequency of their occurrence and to enhance the outcome of these events. Of primary importance is a level of awareness and the institution of treatment immediately should any manifestation of an anaphylactic event occur. 
